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W5 TE, m (CoH;OH)HY (n=1-3) & (CHsOH)sH*, 5h#m B R THEEN, HdE
B, B r B0 BEEA A HEEL A G EH, TSRS ESNA R BEE R
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M RESHARTRSH R, W (CH3CN)HY, (CH30CH;)HY, (CH3COCH;),H*
# (CHaCOOCHz ) HY, Shtem M THBREE, NERENT |, SRREN A G, TX.

WA MTROMTTE  ET - HTHEE, ENEKr, JAERMA/RETL AGT

—PHETEIL A TS, PEFRLSH5 T8 (proton bound cluster) B¥ERHET
LT SR BN AR L 3, MR AR B R R B PR TRANET. EFE,
FFREHS THROET - S TENAFRESIRTHYMER -1 T, =8k, —m
SSHFECMEER U1 VR R B AR TFES S PA SRR GB g
b, BENMEAREN, @itEEMBREN, IIRFHEBEN, BeRrasRmages -, =
MEFGFRES, BV R T4 TREASH. TR NN EER, (1HE6RSHEAN
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AT (n=1-3)4+B = BHY + nA (3)
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WERH 190 HEERNAGT, X—dBFEREE P, SREMTE. BN (3) K
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B. ARTHBFENGHHLL, k HHF - HFREEREY, dsphosstiyg P g
REA @R K BT 300 K ERNE AGY, itH:
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] -8 =210 40 0 40 -80 =120
3¢Gnf kd -mol | 4¢G ! kJ rool
Bi (C.H;O0H),HY(n=1,2,3¢)+B f B2 A:H"+B nEFHBSERPEANE r
(CH;OH);HY (n=3m)+B t1ET4 BEENSAmEEL AGT %R
BEERENE Inr RSN B bGRY Fig.2 Reactivity efficiency r as a
it ALY REeRE function of the reaction
Fig.1 Natural logarithmic plot of reac- free energy changes AGE for
tivity efficiency Inr as a function the proton transfer reactions:
of the reaction free energy changes AH*+B;
AGE in the proton transfer reac- a) (CH3CN),H*,
tions: (CyH;OH),H*(n=1,23¢)+B b) (CHzOCHz)H*,
and (CH;OH);H* (n=3m)+B c) (CH3COCHg).Ht,

d) (CH3COOCH;),H*

2 SRETE

g1 E ek 07O Bt — B, #1251 T (CoHsOH), HY (n=1-3)+B M(CH;0H ) Ht
+B A EL KRR B Ay, . TR RSACRR R PA R GB 8RR,
[l bt o BRI AG BB, K AU RTIFE. % AGY, FAER—@ e, r &% 1, AR
M AGY AT, mE ) R B oo ARER, EN& SRS GB B AGY
AHARE, A n=1 B 2,3, R¥% %M GB {#fim, (CHsOH)sHT f (CH3OH)HY IHBRAE
IEAASA GB . 7€ v &3 1ML Inr 5 AGE ZRIBHEXE, MEHERMT (MEHH
KFEEH 0.999):
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(CoH5 O Inr=-0.0837A,G%-1.84

(CaH5OH)aH*: Inr=-0.0956A.G% 3.33

(CH3OH)3H*: Inr=-0.0956A,G% 3.82
[lif, Rl nEHIK, TERBGARO NS AGY HAR—8, n=1#, AGE=-36.4k]-mol™"
(CH3COCH,) 1 r 358 1; n=2 #, A,G%=-37.7 kl-mol™' (Me;NH) B r Bi&F] 1; n=3
B, AGE=-33.9 kl-mol N (E1aN) B r 53] 1. % r=1 8, #ATEWERRANE, N
—WHEF - SrFHIRERR BV, X5 AR etk BV AR R A ley [0
EHEEER, REAERRE o Hr, BFEBENEEFEDRMEENRS AGC HFR, HY
FAMUMEAEYS, o T8RN AU E NS, EREERRh BENE A G, BF
BT

#® | (CoH;OH) HY (n=1-3)+B ®BEFHBEEE 100 K Mashfmiese
Table 1 Kinectics and thermochemistry for proton transfer reactions of
(CallsOH) H {n=1-3) with A series of basc molecules at 300 K

PA GB n ke k. r Branching & H.  AHD
E] klmol ™" kl-mol™" (10 ceomole™ 7" Ratio PT kJ-mol ™" kJ}-mel ™' iy
CH-00 T6l.1 7284 | 067 Il 0019 0.06 268 4265 G0k IDTT
CHaCHO TROT  T4T.E 1 L&D 2 81 0085 D8 +7.1 +6.7 0n.07
G0N TROL TES6 1 204 188 0165 0.30 0.4 0.8 1.10
CIHCOCH:  #03.7 7600 1 278 100 0958 LoD . 423 -dea 218kt
ClCO0.C ., 8307 8037 1 2.2 205 L0300 519 3.0 LToxlo"
NI, #5355  HI84 1 107 2.24 D870 L.OD ~63.7 b 1GGx 1!
CHaNH, 4054 HG0DG 1 1.73 1.87 0925 100 079 -106.7 3.79x10"
3 LA 1.60 0.0004 00005 41159  +44.8 Ledxio~®
Mep NI 9230 8004 1 1.32 1.61 042 1.00 [34.7 136.4 56410
2128 1.0 0256 028 08 ar7 d6lxio”
3106 1.32 008 001 +8ET . 4151 2.33»-:10-;‘
Moy N DALE annr | 135 1.14 0018 100 1540 1552 1.07x10%
27 1.24 OO 0095 197 S65 0 GESxn®
3107 1.14 0047 0.05 +69.5 KT 153
by N S I B 11 S T 161 0OGE 1o SETH| 1854 18810
O R R 1] A8 8656 121 nbd

3120 1.19 (145 (.95 +140.7 A0 TaT="
al The themochemistry of clustering reactions: (Co O, o HY O Ha OH—={Ca 1O MY 5 I8 =
THRTH, 1L, R0 Sk)amol ™", ALGE=-T50.0, <0957, 52 TkJmol ™" respectively Trom n=1 Lo 3 bl All
the experimental values guoted Trom reference 8,

M REREAR T, B AGH=A KRBT - TR R ERGE R, K
NN 5 T HOR LR, MR R Ry [ R, U TR B L
B35 B8 S AR Btk BOREARNGY OS2 A RRIR T B FLAT A Y B LR, — AR
7 1 S HEZEREN A F AT, XA R EB1E T a9 P 19, —A IR h 9 T B R
B {entropy driven proton transfer reaction)” S48 (V5.2 3705 A 77 O 2 W s S o ]
fH R T 7. TR TR A 4 FRER By OS0GRS AR A
B 746 A T AT G R, VR Bh A VR A B A RN R T kAT (CHL,ONHY 5 MepNH
BRI, =A CHyOM 4 FRREHMME 233,00 mol = K-' fomig, FNmA, 5 AGY, 2K
fikfy.
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Bohme ZA 13 RHEMER CO, CO, T4 FHETFHB RN P A EHET N -

kex . ] s
re = k_" = exp(—G./RT) (6)

C

(CH,OH) H' + Ny,
Y acH N vHINE, |

|_ I P55,

N, R,
l-t\ﬂn:’rno/ll #H\ﬂ}(lllkon
A

B3 (CHaOH);HY 5 Et;N fiEFRSE Gy Rmns
Fig.3 Single-well potential energy surface for the proton transfer
reaction of proton bound methanol trimer with triethylamine

Y AGE <118k -mol™  BE,  Ga=0, re=1; % AGE>6.3k)-mal™" B, GL=AGR,
Inrr=-1.68A,G%; AGS <10.5k]-mol~' BHFF 85 U MBFHBRE. ML (C:HsOH) 0T 1
(CHAOH 1T @R, EHAEE TSR Em, AG) EHEEMEFHERECH
B AL . TR, W AR R MR P RARE, CO ., CO; FMBERET
MET , ZFF4T R8T, e 243 F 1050 -mol VK™ @A, 1 (CHs0H), 17
BLIN B S PR &, e R Tk, g (ColsOH) HY +MeaNH B
IEIREA ALSS M n=1 ~ 3 KA 5.4, 122.6, 245.6J-mol K=Y =23 W A48 X 528
AR MBS, A Meot-Ner i g9A = (2) TR AGL=08, r=05(K=1), fiH
RIAYEEIRR, M A5 =08, n=1 0 re=0.16; n=3 W r=0.01, THHEWFAELRZNBHS
6], BrEaAEal R AR R, S 218 5 234 mol~ K- R T, S5 R0
PR INMEhhE, BB BERM AGH.

FAFULT (CHLZCN) 1 (CH3OCH )2 HY | (CH3COCHz)o 1 f1 (CH3COOCH ) 1Y
b — F SRR T M BLI. 45 PR B8RRI b ERE PA . GB, AGL B K BERD, mE
2. BELE NG ANE, e DVRIEAE, 0 (CH3COOCH ) 11+ EtN N, B AGS
i OONSkSmol Tk, e 0N 010, B e B AGE BB IT TS . AAEEBRR, FEA R
BUERYE, R MRIARE, BN T AE RS — AR ] X TSR AR . SR
FRA R SN AR, TTREE T NAR MRS U ma (CoH01),1H* (n=2,3) ME K
W, PR R TSN IR T, AR FHOMEF. W (CHaCN) 0 gy R,
M RERE T T O R T BN B S —fE 2, WM. 28RN 5
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FOREIATE M1 RRIKM e B AETAR T, Rl F#E REBE THIE, ¥ 5N AEE 53
EiE{kee.

#F 2 (CH;0H)Y 4B EFREEEE 100 K HeiEhh S ies
Table 2 Kinetics and thermochemistry for proton transfer reactions of
{CH4ON )Y with A series of base molecules at 300 K

A [E]5] Kewp k, r  Branching A7 &G
i3 kJomol™" Elmal™" (10 ceomole” Ts- 7)) Ratio PT kJ-mol™" El-mol™ W
(LGN, 2079 L .27 1.54 (.00 0.0 +7H.2 +11.3 [IXiT]
A NTH 9230 B A 1.29 1.41 (L0037 0.4 +6:4.2 6T 14.6
Meg N OE1.8 K. 2 Il .23 {1221 019 +440.4 25,5 TR0
FaaNI D45.2 9104 |38 I35 0327 0.32 +A41.0) 27 Ak !
Fiua N g 039.3 L34 1.30 1027 0,996 -1 350G A.90% 100

a) The themochemistry of clustering reactions: HY 43CH OH—{CHa O HY, A H% =086 2k J-mol =
A= #8807k mol ™' b) Values of PA and GB for the neutral bases are quoted from reference 272; ¢)
All the experimental valees quoted from reference 5.

Trpm S AR B R P, W RS B BB B b [ M RT3 8 (proton switch), 11T B
DFBRLRE, #MHEBIPER FeHEsE —, = B THEERE. R TX /i,
M3 RART (CHLOH )T 5 EN @EN, B2 RN — R FHSEN RS T —Rp e,
(CHR0M 0T 5 FiaN DIRHEEE b BRPEK L, BraiF Earasgmess 11 N
QoS BAPREE L, T O---H---O S8R O---11---N 28, M1, B9fEftH
Ly FE TR, by B BSR4, B AERREER, I, 51, ZEETRETE:

[ - -
(CHOH) 1 + NEL;gf——*[((‘.limlihli+ .-~ NELy) ?[[(.‘-H;{}H}y- -H¥NEty]
f—1 -3

5 3CH,0H + 11 NEL, (7)
FE AR . <]rl!4+h.'li|3"Ilr(“:k“ﬁ":’ L R, RAEALRE, @
:11""4_:““3 B -"'2'!"1"’*"*’”';.;:u_Lmn_-_i||+ T
i T kykog + kika + kaks
B i
iy = ke _ ket (%)
kyk—y + koks + koky %‘%‘ Egé—'{- 1

IR TCRE R TRILIY, B R OSLURRLE H R iEFT, =4 CHOH 4745 NN bl
BERRA R b AL L (MER R, BT 0 DT R T R —RA LRI ), RS R
P A, A6 A bS50t e R R A b

A.I._ | k_ '_a_L':-,

U kakg 4 kak_y + k_gk_, (
BT MR K=k k. 3
koo ok o

hy kako
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¥ (10) A (8} K, 7 .
of

BT L 2 AR, BTEE k> ko, ko k=0 @

hy = rkL_ (12)

o x+1
k¢ 1
o (13)
ket %E . FI\‘- +1
WS, k. ke BRTE—RETAHENAESBIESEE, B b oo Mieih
THEAR KN W AGY FrEE. N K K, B AGL MBI, o BT LY K
BRBRE,  hoxp=ke=ker, v FH AGL, BMKTREE. B (CHa0H) 0T BN BER
B H K=19%107°, BT ke/ke AE | BEAERSAK (15% 20, & (13) RS
kr =1.30x 10" cc-mole™"+ 571 5B koypy=1.31x 10 "ec-mole ™" s~ " JEiEEE, HATX—
BB R R A FR .

® 3 AHY 4B RFRBEEE 300 K HeyshEEmsiess,
A=CIH3CN, CH30CH;. CHaCOCH,, CHaCOO00H
Table 3 Kinetics and thermochemistry for proton transfer reactons of AHY with A series of

hase malecules at 300 K. where A=CH;CN, CH40CIH,, CH3C0CH,, CHCOO0CH,

kg

(1)

rr =

1A GB. kexp [ r Wranching A 05 A0
3 kd-mol™" kl-mol™" {1077 coomole™ =7") Ratio PT klmol ™" klmol ™" i
A=CITLCN :
Gl 805 8 606 075 1.70 000z 0.004 -17.2 0.9 TRA
Meg NI 9240 MDA (.83 143 00l 007 1.0 06 1Tx10"
Maoa N a8 0.2 (LTH 1,25 02 0067 a0 LIRS S [
Fea N 071G 9393 .91 1.35 nG: 0 50.0 B0 An0= 10"
A=CH00H
CHa Xy ROG.8 BHOG 0,30 IGT .00 0.02 +30G.4 +2.10 044
Mes NH a0 8904 0.8 1.4t 0008 006 +0.2 BTG G0
MeaN 941,84 009.2 0.0 .24 00 058 a6 AGA L2t
[ita 971.9 203 0.0 1.31 (R VL X o 0.7 Thao 215x1n'
A=CHL0CH,
CHaNH #0558 82606 1.04 1.G3 0007 0010 +5.1 +19.2 44510
ey NH D30 ®90.4 0,96 135 0007 0.00 +25.0 105 G653
Mea N 911.8 909.2 097 118 0003 (L004 +7.1 T N B BT [
DA a71.n 9393 1.03 1.24 0324 0.9 20 T I P TV
A=CHLOCH,
Mo NI Ry BO0.4 0,25 134 0002 0.01 4249 G 47.4
Moa N 9115 o09.2 017 1.15 0004 0.03 +10.0 S5 00w’
1ta N 9710 0393 0.20 117 - 010 041 20,1 G850 LLasx1n'

al The themochemistry  of clustering  reactions: I_I"' +ra—AgHY, A, Hr=-912.2, -932.2,
480, 051 9k).mol ™", AOT= RI08, R62.7, 8799, -RR0.TkJmel™!, for A=CH;CN, CHaOCTy,

CHaCOCHs, CHL000C T, respect ively; b) All the experimental values quoted from reference 7 and
10,
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MRAMEFRGHS TES RN R TEBE A REE 5D h 2N LR EH.
(C20H), U (n=1 3) f1 (CHLON)HY MENBHRERN, RREERE AGS & K F
o, M5V AEEMHARER, HEMENHNEATHEE AN, —ENHLMR
BENAREHEENERTFERMSH —, MM FHAEEE. ¥T (CHLON)HT.
(CHZOCH )21+, (CHaCOCH:) 1 1 (CHsCOOCH,) 1+ BIE R, E IR W HSEE N T
|5 AGE & K EREE.
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The Correlation between Thermochemistry and Kinetics in the Proton Transfer
Reactions of Small Proton Bound Clusters

Feng Wanyong

{ Department of (henistry, The Ohio State University, Columbus, OH 43211173, 11.5.A.)
Abstract The correlation between thermochemistry and kinetics in the proton transfer
reactions of small proton bound clusters has been examined. The results show that these
reactions with some neutral bases for the non-alkyl blocked proton bound clusters such as
(CaHz0H) 0T (n=1-3) and {CH;0H)sH™ are intrinscally fast. The reactivity efficienices
are controlled by overall reaction free energy changes or equilibrinm constants. rather than
inhibited by the nature of transition state. Reaction entropy changes have the significant
influence on reaction kinetics. A proton switch from the ionic center 1o the periphery
hetween two intermediates, resulting in the evaporation directly of two or three solvent
molecules, is proposed Tor the reactions of dimers and trimers. The reactivity elliciencies
for the alkyl blocked dimers such as (CHRCN o HE, (CHLOCH):HE, (CH3COCH, )17
arnd {{_‘ll_g(__'.(}()(flI:;]gli"’ are very low, These reactions are not controlled by overall reac-

tion free changes or equilibrinm constants.,

Keywords: Proton bound cluster,  lon-molecule reaction.  Reactivity efficieney, Over-
all reaction ree energy changes A7,
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